method showed that the particles which sedimented at 56,550 X g were immunogenically active. Experiments were done to determine whether the integrity of the structure of the particle was necessary for immunogenic activity. It was found that sonic oscillation, freezing and thawing several times, the addition of surface-active agents (sodium lauryl sulfate or deoxycholate), and preparation of the particulate fraction in hypotonic solutions either decreased or destroyed immunogenic activity. This strengthens the evidence that a structural unit is necessary for activity. In addition, both a waxy sediment and the smallest particles which sedimented only at 144,000 X g were highly immunogenic if incorporated into Freund's incomplete adjuvant. In the absence of adjuvant, neither produced any immunity.
88:1030-1037. 1964.-Deoxyribonuclease had no effect on the immunogenic activity of the labile particulate fraction isolated from ruptured viable cells of the H37Ra strain of Mycobacterium tuberculosis, but decreased the ropiness of the ruptured cellular mass. Ribonuclease, in a high concentration, decreased the immunogenic activity slightly. Addition of yeast ribonucleic acid to particulate fraction incubated at 37 C prevented the decrease in immunogenic activity which normally occurs at this temperature, suggesting that endogenous ribonuclease may be involved in the reduction of activity. Differential centrifugation by the use of Brodie's (1962) method showed that the particles which sedimented at 56,550 X g were immunogenically active. Experiments were done to determine whether the integrity of the structure of the particle was necessary for immunogenic activity. It was found that sonic oscillation, freezing and thawing several times, the addition of surface-active agents (sodium lauryl sulfate or deoxycholate), and preparation of the particulate fraction in hypotonic solutions either decreased or destroyed immunogenic activity. This strengthens the evidence that a structural unit is necessary for activity. In addition, both a waxy sediment and the smallest particles which sedimented only at 144,000 X g were highly immunogenic if incorporated into Freund's incomplete adjuvant. In the absence of adjuvant, neither produced any immunity.
In recent publications, Youmans and Youmans (1964a, b) described in detail certain conditions, some of which adversely affect and some of which aid the stabilization of the very labile immunogenic component which is present in a particulate fraction obtained from ruptured mycobacterial cells. In certain characteristics, the particles resembled mammalian mitochondria. From these studies, methods were evolved for obtaining a particulate fraction which, when given in a sufficient quantity, immunized CF-1 mice to a similar or greater degree than did the viable whole cells from which the particulate fraction was prepared; moreover, there was less variation in the immunogenic activity among different preparations than among different cultures of the viable H37Ra cells. Although, in the future, the immunogenic substance may be stabilized still further, it was felt that particulate fractions now could be made at different times which were consistently active enough to permit studies to be started on the identification of the immunizing substance. The results which have been obtained to date are presented.
MATERIALS AND METHODS
The methods employed were similar to those described by Youmans and Youmans (1964b) . Particulate fractions were prepared from 3-weekold cultures of the attenuated strain, H37Ra, of Mycobacterium tuberculosis, and cold French pressure cells were used for the rupture of the mycobacteria. Centrifugations of the broken cellular mass in a model L Spinco ultracentrifuge were the same, except as noted under Results, and all preparations were kept at 0 to 4 C. Cells were broken in a solution which contained 0.44 M sucrose, 3 X 102 M MgCl2, and 2 X 10-4 M phosphate buffer (pH 7.0) . Data from a few older experiments also are included in this paper; in these experiments, magnesium was not added to the sucrose buffer, since the favorable effect of magnesium ions on the immunogenic activity of the particulate fraction had not yet been shown. These variations in the methods of preparing the particulate fraction will be noted in Results.
The (Marr, 1960 Kabat and Mayer (1961) . Previously, it had been determined by chemical analysis that no DNA was present in the particulate fraction (Youmans, Youmans, and Millman, 1957) or without the addition of deoxyribonuclease to the broken cellular mass. In another experiment, particulate fraction was exposed to a concentration of 250 ,ug/ml of deoxyribonuclease together with magnesium ions, and the mixture was incubated at 37 C for 30 min. There was no difference again between this preparation and the control particulate fraction. These results support the earlier finding ) that DNA is not involved in the immunogenic substance.
Since these experiments were done, magnesium ions, which increase the immunogenic activity, have been added to the sucrose buffer in which the particulate fraction is prepared. The broken cellular mass prepared in this buffer has been far less viscous; this has tended to disappear before centrifugation was started. The magnesium ions apparently activated the endogenous deoxyribonuclease present in the mycobacterial cells, which, in turn, destroyed the released DNA. A similar action of magnesium on streptococcal endogenous deoxyribonuclease was noted (Tillett, Sherry, and Christensen, 1948) . As a result, deoxyribonuclease has not been added routinely to the broken mycobacterial cell mass prepared in the magnesium-sucrose buffer.
Since the immunogenically active material was present in the 144,000 X g fraction, the possibility existed that ribonucleoprotein particles might be the immunogenic moiety, since ribosomes are sedimented at this speed. Experi- Table 2 . The presence of the highest concentration of ribonuclease significantly (P = >0.001) decreased the immunogenic activity of the particulate fraction, when compared with the activity obtained with the nonheated control particulate fraction, or with the control incubated preparation (P = 0.05). It was felt, however, because very high concentrations of ribonuclease had to be used to produce significant decreases in the immunogenic activity of the particulate fraction, and because these mixtures had to be incubated at 37 C for 30 min (a process which will inactivate the immunogenic material by approximately 30.0%; Youmans and Youmans, 1964a) , that further experiments were needed to define the role of RNA in the immunogenic process.
Consequently, another approach was employed. Since the immunogenic activity is decreased at 37 C for 30 min, the possibility existed that under this unfavorable condition the ribonucleoprotein particles present in the particulate fraction may have dissociated into smaller units, releasing latent ribonuclease which would become active and destroy the RNA (Marr, 1960) . The addition of yeast RNA to particulate fraction might prevent, under these circumstances, all of the particulate fraction RNA from being destroyed by the mycobacterial ribonuclease by increasing the total amount of RNA present in the particulate fraction. Therefore, yeast RNA in a 1.0% concentration was added to two portions of the particulate fraction prepared in 0.44 M sucrose buffer alone. Two other portions of the particulate fraction were used as controls. One of each (with and without added ribonuclease) was kept at 0 to 4 C, and the other two were incubated at 37 C for 30 min. The pooled data of two experiments are given in Table 3 . It was found that there was a significant (P = <0.02 > 0.01) difference in the immune response obtained in mice vaccinated with the nonheated and heated particulate fraction preparations. If, however, RNA was added to a preparation which was incubated at 37 C, there was no significant difference between the mice immunized wjtfr this preparation and the two preparations which were kept cold. These results suggest that RNA may be involved in the immunogenic activity of the particulate fraction, and that endogenous ribonuclease may reduce the immunogenicity.
Since the particulate fraction contained particles which ranged in size from approximately 20 to 200 m,, differential centrifugation of the 144,000 X g fraction was done to determine roughly the size or sizes of the particles which were immunogenically active. Brodie (1962) , employing cell-free extracts of M. phlei, had found that, after a preliminary centrifugation VOL. 88, 1964 IMMUNOGENIC SUBSTANCE FROM M. TUBERCULOSIS at 140,000 x g for 1.5 hr and resuspension of the pellets, the largest particles (70 to 180 m,u) sedimented at around 56,000 X g for 1 hr, smaller particles at 100,000 X g, and the smallest (20 to 40 m,I) particles sedimented at 140,000 X g. Brodie's (1962) pattern of centrifugation was followed in the first experiments, except that the 144,000 X g centrifugations were done for 3 hr. The particulate fraction was prepared as usual, and, after the first 144,000 X g centrifugation, the pellets from one-half of the centrifuge tubes were collected for the control particulate fraction preparations. The pellets from the other half of the tubes were gently resuspended in the sucrosemagnesium buffer, with the use of a Teflon grinder, and were recentrifuged first at 56,550 X g for 1 hr. The supernatant fluid was poured off and was then centrifuged at 100,000 X g for 1 hr; the supernatant fluid produced from this was recentrifuged at 144,000 X g for 3 hr. All pellets from each centrifugation were collected at the end of the centrifugation time, and were diluted with 0.01 M phosphate buffer to give a final concentration of 100 mg/ml. The combined data from four to nine separate experiments are given in Table 4 . The fraction centrifuged at 56,550 X g contained the immunogenic material, since there was no significant difference between the mice vaccinated with the control fraction at 144,000 x g. The resuspended pellets obtained after centrifugation at 100,000 X g and the second centrifugation at 144,000 X g were inactive immunogenically.
Since the fraction centrifuged at 56,500 X g was as active immunogenically as the control (144,000 X g) fraction, another less time-consuming method of centrifugation was employed. The first 144,000 X g centrifugation was omitted, so that after the lower centrifugations at 26,390 and 46,900 X g (to remove whole cells, cellular debris, and cell walls; sediments discarded) the supernatant fluid was centrifuged at 56,550 X g for 1 hr, and the supernatant fluid from this was centrifuged at 144,000 X g for 3 hr. In these experiments, centrifugations also were done according to Brodie's (1962) method to compare the two methods. The pooled data of three experiments are given in Table 5 . Following Brodie's (1962) method of centrifugation, the immunogenic activity again was found only in the 56,550 X g fraction. Following the second method of centrifugation, the immunogenic activity was divided between the 56,550 X g fraction and the 144,000 X g fraction. Kanai and Youmans, 1960; Youmans and Youmans, 1964a, b) which suggested that, to produce a high degree of immunogenic activity in mice, some structure should be intact. Certain experiments were done, therefore, in which it would be anticipated that the structure of the particles, judging from experiments done with mammalian mitochondria, would be destroyed.
First, the effect of sonic oscillation on the immunpgenic activity of the particulate fraction (the particles obtained after the first centrifugation gt 144,000 X g), and on the particles obtained after the recentrifugation at 56,550 X g, was ,etermined. Both preparations were subjectecd to sonic oscillation (10 kc, with a Raytheon sonic oscillator; 1.0 amp) for 15 min at 2 to 4 C. The low temperatures were maintained by running Prestone antifreeze at -0.4 C through the hollow metal casing surrounding the oscillator. One-half of the oscillated material was recentrifuged at 144,000 X g for 3 hr to see whether the immunogenic activit) might be released into the supernatant fluid, or whether it might remain in the sedimented material. The pooled data of two experiments (Table 6) showed that this method of disrupting particles destroyed all the immunogenic activity of the 56,550 X g particles, and that neither the supernatant fluid nor the sediment from the recentrifuged oscillated material was active. The effect of freezing and thawing on the immunogenic activity of the 144,000 X g particles also was determined, and it was found that after freezing (with the use of a methyl cellosolve-Dry Ice mixture) and thawing rapidly four times, the immunogenic activity of these particles was significantly (P = 0.01) reduced. The reduction in activity was similar to that obtained by sonic oscillation of the 144,000 X g particles.
Hypotonic solutions also have been shown to lyse or cause swelling of mammalian mitochondria Lehninger, 1959; Harmon and Kitiyakara, 1955) , and to adversely affect oxidative phosphorylation of the particles isolated from ,ll. phlei (Brodie and Gray, 1957 The 144,000 X g and the 56,550 X g particles which were prepared in distilled water produced a significantly lower degree of immunogenic activity in mice than was obtained when these fractions were prepared in the sucrose-magnesium buffer. In other experiments, it was found that, if the particles were lprepared in the sucrose- (Youmans and Youmans, 1964b) . Sodium deoxycholate was found to destroy mammalian mitochondrial and microsomnal membranes, thereby releasing the small ribonucleoprotein particles which are bound to the membranes.  Palade and Siekevitz, 1956; Green and Hatefi, 1961) . Although bacterial ribosomes apparently are present in the cytoplasm, the effect of this compound on the immunogenicity of the 144,000 X g particles was determined. Particulate fraction was prepared in the sucrose-magnesium buffer and was diluted so that each milliliter contained 200 mg. The fraction was mixed with an equal volume of 0.5%O sodium deoxycholate, which had been dissolved in 0.01 M phosphate buffer (pH 7.0). The toxicity of sodium deoxycholate alone was determined in CF-I mice, and it was found that a final concentration of 0.25% was the highest which could be used without causing death. The mixture was allowed to stand overnight at 4 C, and then one-half of the material was recentrifuged at 144,000 X g for 3 hr. The supernatant fluid was collected, and 0.2 ml was injected into mice.
The sediment was resuspended with phosphate buffer to the original volume, and 0.2 ml of this preparation and 0.2 mnl of the control noncentrifuged portion were each injected into ml-ice. The pooled data of two experiments are given in Table 8 . It was found that the addition of the highest nontoxic concentration of sodium deoxycholate to the particulate fraction reduced its immunogenic activity significantly (P = <0.001), but not completely. 'T'he sedimnent immunized mice slightly, but significantly (P = <0.02, >0.01). The mice vaccinated with the supernatant fluid did not differ from the control mice.
These results strongly indicate that some type of structural unit appears to be essential to obtain a high degree of immunogenic activity. In addition, the following preliminarv evidence suggests that a substance which is associated with * Moist weight.
t S-30 mice = number of mice which survivc(1 > 30 days.
